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ABSTRACT 
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~:Wwevlews«Ht  experiments  Involving  He  scattering  from  the  sur¬ 
faces  of  ordered  rare  gas  overlayers  physlsorbed  on  Ag(lll).  The 
series  of  rare  gases  studied  were  Ar,  Kr,  and  Xe.  The  measurements 
were  performed  on  thin  film  structures  which  were  grown  on  a  layer- 
by-layer  basis,  from  monolayer  to  thick  film.  In  order  to  study  how 
the  surface  properties  changed  with  Increasing  distance  from  the  sub¬ 
strate.  Three  types  of  experiments  are  discussed;  elastic  diffraction, 
selective  adsorption,  and  inelastic  single  phonon  scattering  by  angle- 
resolved  tlme-of-fllght.  These  experiments,  taken  together,  provide  a 
broad  overview  of  the  static  and  dynamic  surface  properties  of  rare 
gas  overlayers.  They  also  provide  information  about  the  forces  which 
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INTRODUCTION 


In  recent  years  there  has  been  much  Interest  in  studying  rare  gas 
overlayers  physlsorbed  on  graphite  and  transition  metal  surfaces, 
using  H  [1,2]  and  He  [3,4]  atom  scattering.  These  relatively  simple 
adsorption  systems  are  of  particular  Interest  as  their  structural  and 
dynamic  properties  can  be  theoretically  modelled  with  high  accuracy. 
This  allows  them  to  serve  as  excellent  systems  for  testing  Ideas  on 
adsorption  and  Interfacial  charge  density  distributions.  These  studies 
are  based  upon  our  extensive  knowledge  of  the  rare  gas  pair  poten¬ 
tials  [5],  which  are  accurately  known  from  gas  phase  measurements. 
Comparison  between  theory  and  experiment  can  therefore  be  used  to 
evaluate  the  Importance  of  higher  order  terms,  such  as  three  body 
forces,  in  the  construction  of  the  Interaction  potential  at  the  surface. 
In  addition,  these  highly  corrugated  surfaces  provide  good  test  sys¬ 
tems  for  examining  various  approximations  that  are  currently  being 
used  In  gas-surface  scattering  calculations. 

In  this  paper,  we  will  review  the  results  of  our  experiments  on 
ordered  rare  gas  overlayers  physlsorbed  on  a  Ag(lll)  substrate. 
These  studies  Involved  both  elastic  and  Inelastic  He  scattering  meas¬ 
urements,  Including  elastic  diffraction,  selective  adsorption,  and 
angle-resolved  tlme-of-flight  experiments.  Our  Investigations  used  Ar, 
Kr,  and  Xe  as  the  adsorbates.  The  experiments  were  done  on  a 
layer-by-layer  basis,  from  monolayer  to  thick  film,  to  investigate  how 
the  surface  properties  evolved  with  increasing  distance  from  the  sub¬ 


strate. 


A  novel  feature  of  this  work  Is  that  we  have  extracted  the  proba¬ 
bilities  and  llneshapes  for  the  Inelastic  transitions.  This  has  resulted 
In  the  direct  observation  of  dynamical  adatom-substrate  coupling. 


The  frequency  of  the  monolayer  SP^  mode  overlaps  those  of  the 
substrate's  surface  modes  across  part  of  the  surface  Brillouln  zone 
(SBZ)  near  T.  In  this  overlap  region,  the  llnewidths  of  the  Inelastic 
transitions  are  significantly  broader  than  near  M,  where  the 
substrate’s  surface  modes  have  a  higher  frequency.  This  Is  a  clear 
example  of  radiative  damping  by  coupling  between  the  adatom  vlbra- 
tlons  and  those  of  the  substrate.  The  Inelastic  scattering  probabilities 
of  this  mode  are  enhanced  where  the  frequency  crosses  the  Ag  Ray¬ 
leigh  mode,  which  is  saglttally  polarized.  This  can  be  explained  by  a 
direct  resonance  between  the  adatom  vibrations  and  this  substrate 
mode. 


EXPERIMENTAL 

The  substrate  for  these  experiments  was  a  single  crystal  of  Ag, 
cut  and  polished  within  0.5°  of  the  (111)  face,  as  verified  by  Laue  X- 
ray  back  reflection.  Surface  cleanliness  was  checked  using  Auger  spec¬ 
troscopy.  This  was  done  on  a  dally  basis,  as  It  was  found  that  a 
small  amount  of  contamination  could  cause  major  changes  In  the 
structures  of  the  rare  gas  overlayers.  For  example,  it  was  observed 
that  1%  Cl  coverage  caused  a  mosaic  In  the  monolayers,  with  parts  of 
the  surface  having  structures  that  were  rotated  by  30°  from  the 
expected  orientation.  When  necessary,  the  Ag  crystal  was  cleaned  by 
Ar+  bombardment,  followed  by  annealing  at  750  K.  Surface 
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coherence  was  checked  by  analyzing  the  specular  reflection  angular 
profile  of  a  63  meV  He  beam,  and  was  found  to  be  «100  A.  The  Ag 
crystal’s  azimuthal  orientation  was  checked  with  H2  diffraction.  Cry¬ 
stal  temperature  was  monitored  by  a  Chromel-Alumel  thermocouple 
welded  directly  to  the  back  of  the  sample.  Cooling  for  these  experi¬ 
ments  was  done  with  liquid  He,  with  a  temperature  stability  of  better 
than  1  K.  The  temperature  calibration  of  the  crystal  was  probably 
accurate  to  within  2  K.  The  lowest  temperature  we  could  achieve 
was  21  K. 

The  crystal  manipulator  had  independent  adjustments  for  the 
incident  polar  and  azimuthal  angles.  Once  the  crystal  azimuthal  angle 
was  determined  by  observing  diffraction  along  a  high  symmetry  direc¬ 
tion,  a  circular  ruled  scale  attached  to  the  crystal  mount  was  used  to 
confirm  the  azimuth  setting  for  angles  falling  between  high  symmetry 
directions.  The  crystal  was  welded  to  platinum  support  rods  attached 
to  the  manipulator,  and  rapid  heating  was  done  reslstlvely  with  a 
voltage-programmable  power  supply,  Its  output  adjusted  by  a  con¬ 
troller  using  feedback  from  the  thermocouple  on  the  crystal. 

Detection  was  done  with  a  doubly-dlfferentlally  Ion  pumped  qua¬ 
druple  mass  spectrometer  (crystal  to  Ionizer  distance  of  14.45  cm.). 
The  actual  detection  was  done  with  a  Venetian  blind  electron  multi¬ 
plier,  suitable  for  doing  pulse  counting.  The  machine  Is  designed  so 
that  the  Incident  angle,  ©j,  and  the  scattering  angle  probed  are  are 
Independently  variable.  A  more  complete  description  of  the  scattering 
chamber  Is  given  elsewhere  [6].  Data  collection  was  done  with  a  PDP- 
11  /20  minicomputer,  which  was  Interfaced  to  the  data  taking  elec¬ 
tronics  via  CAMAC. 


The  He  probe  beam  was  generated  by  supersonic  expansion 
through  a  12.5  n  orifice.  Two  distinct  beam  energies  were  used  In  the 
experiments  reported:  66  meV  (Av/v«s2.5%)  and  18  meV 
(Av/v«i.i95).  The  latter  was  produced  by  cooling  the  source  with 
liquid  N2.  After  being  skimmed,  the  beam  was  chopped  by  a  rotating 
slotted  disk,  and  collimated  to  a  0.3°  angular  spread  before  entering 
the  scattering  chamber. 

All  of  the  rare  gases  form  azlmuthally  aligned,  but  translatlonally 
Incommensurate  structures  with  the  Ag(lll)  surface.  Structural  and 
thermodynamic  Information  for  the  rare  gas  overlayers  was  already 
available  from  the  wo.k  of  Ungurls  et.  al.  [7].  With  the  phase 
diagrams  from  these  papers,  we  first  formulated  a  method  for  growing 
'  ordered  and  reproducible  monolayers.  Dosing  was  done  with  a  tow 
pressure  side  beam.  Inclined  at  15°  to  the  scattering  plane.  This  beam 
could  be  flagged  on  and  off  within  a  few  milliseconds  by  means  of  a 
computer-controlled  shutter  before  entering  the  scattering  chamber. 
The  rare  gas  pressure  at  the  crystal  surface  was  «si(T7  torr  when  the 
shutter  was  open,  and  the  beam  spot  diameter  was  «2.5  mm.,  twice 
that  of  the  He  beam. 

To  grow  the  Xe  monolayer,  the  crystal  was  dosed  at  ©1*0°  for  1 
min.  at  a  surface  temperature,  Ts,  of  75  IC.  Then,  with  the  dosing 
beam  still  on,  the  surface  temperature  was  dropped  to  «57  K.  At 
this  point,  the  dosing  beam  was  stopped,  and  the  crystal  rotated  to 
©J3BS700  .  The  crystal  was  then  dosed  for  another  minute  at  Ts=57 
K.  The  surface  temperature  was  then  dropped  to  25  K.  Finally,  the 
crystal  was  reheated  to  Ts«57  IC  for  at  least  5  min.  to  anneal  the  Xe 
monolayer.  Kr  monolayers  were  grown  similarly,  except  that  the  first 


dose  was  at  Ts=57  K,  and  the  surface  temperature  of  the  second 
dose  and  anneal  was  42  K.  Ar  monolayers  were  grown  by  first  dosing 
at  Ts=44  K  for  1  minute,  0^*70°  .  With  the  dosing  beam  still  on, 
the  surface  temperature  was  then  dropped  to  «28  K.  Just  as  this 
temperature  was  reached,  the  dosing  beam  was  flagged  off.  This 
monolayer  was  annealed  for  at  least  10  min.  at  Ts=28  K. 

It  was  Imperative  that  a  good  monolayer  be  grown  before  any 
attempt  was  made  at  multilayer  growth.  Multilayers  were  grown  on  a 
layer-by-layer  basis  using  dosing  times.  Between  the  deposition  of 
each  successive  layer,  there  was  a  short  anneal  time  near  the  desorp¬ 
tion  temperature.  When  the  experiments  on  a  particular  overlayer 
were  completed,  coverage  was  checked  using  Temperature  Pro¬ 
grammed  Thermal  Desorption  (TPD).  The  Influence  of  the  Ag-rare 
gas  potential  was  such  that  1,  2,  and  3  layers  desorb  at  progressively 
lower  temperatures.  The  TPD  peak  due  to  the  monolayer  was  distinct 
from  those  of  the  other  overlayers,  and  so  by  comparing  the  total 
Integrated  area  to  that  of  the  monolayer,  a  quantatlve  measure  of  the 
coverage  could  be  obtained.  Only  data  collected  on  films  typically  fal¬ 
ling  within  595  of  a  particular  overlayer  were  used  for  1,  2,  and  3 
layers.  The  deviation  from  an  integral  number  of  layers  was  much 
greater  for  the>  25  layer  results. 

The  He  beam  was  used  to  check  the  quality  of  the  overlayers  by 
comparing  the  intensity  ratio  of  the  specular  reflection  to  those  of  the 
higher  order  diffraction  peaks.  These  ratios  typically  did  not  vary  by 
more  than  1095  from  one  film  to  the  next  for  a  particular  overlayer. 


RESULTS  AND  DISCUSSION 


Figure  1  shows  typical  diffraction  spectra  for  an  18  meV  He 

scattering  from  1,  2,  3,  and  25  layer  films.  The  expected  ln-plane 

diffraction  peaks  are  clearly  seen,  Indicating  the  high  quality  of  our 

grating.  By  deconvolving  the  width  of  the  Instrument  function  from 

that  of  the  experimental  results,  an  estimate  of  the  coherence  length 

of  the  overlayers  can  be  made  using  simple  perturbation  theory  [8], 

• 

assuming  only  finite  size  effects.  This  coherence  length  Is  ^lOO  A, 
and  Is  only  slightly  smaller  than  that  of  the  A&  substrate.  A  further 
Indication  of  the  quality  of  the  overlayers  Is  the  very  low  dlfTuse  back¬ 
ground.  Though  this  does  not  prove  that  we  are  observing  strictly 
layer-by-layer  growth  (Type  1  [9]),  It  does  Indicate  that  the  overlayers 
are  wetting  sufficiently  so  as  not  to  be  roughened.  The  positions  of 
the  diffraction  peaks  were  used  to  determine  the  lattice  constants, 
given  In  Table  1.  For  the  multilayers,  these  values  are  very  close  to 
the  corresponding  bulk  values  determined  by  X-ray  diffraction  [10]. 
The  monolayer  value  Is  slightly  larger  than  the  overlayer  values  for 
all  of  the  systems  we  have  examined.  The  monolayer  values  given  are 
actually  a  time  average,  as  these  structures  slowly  shrank  by  as  much 
as  0.04  A.  After  several  hours,  the  values  had  still  not  reached  the 
bulk  values,  and  did  not  appear  to  be  compressing  further.  However, 
we  did  not  follow  any  monolayer  for  more  than  5  or  6  hours. 

In  principle,  comparison  between  close-coupled  scattering  calcula¬ 
tions  and  elastic  scattering  data  can  be  used  to  extract  the  He-surface 
potential.  Our  experience  Is  that  this  Is  more  easily  done  using  selec¬ 
tive  adsorption  experiments.  Once  the  potential  has  been  derived, 


the  diffraction  experiments  can  be  used  to  test  various  slmpifying 
approximations  used  for  treating  gas-surface  scattering.  Such  calcula¬ 
tions  are  now  in  progress. 

Figure  2  shows  scans  of  the  specular  Intensity  for  a  Xe  monolayer 
using  a  66  meV  He  beam  (a),  and  an  18  meV  beam  (b),  taken  at  0.2° 
Increments  of  polar  angle.  For  this  system,  we  have  done  these  selec¬ 
tive  adsorption  experiments  at  2°  Increments  of  azimuthal  angle  over 
a  30°  arc  from  the  <112>  direction  for  the  low  energy  beam,  and 
over  a  22°  arc  for  the  higher  energy  beam.  In  the  free  atom  approxi¬ 
mation,  selective  adsorption  resonances  occur  at 
k12-2MEa/H2=(Kl+G)2  [11],  where  En  Is  an  energy  level  of  the 
laterally  averaged  potential.  When  plotted  In  the  Kx-Ky  plane,  they 
form  circles  centered  at  -G.  Figure  3  Is  such  a  plot  for  the  maxima  In 
the  18  meV  He  experiments.  The  arcs  drawn  on  the  plot  are  labelled 
by  the  coupling  G-vector,  and  represent  three  energy  levels,  4.95, 
2.15,  and  0.64  meV.  These  energies  are  not  our  definitive  values,  but 
only  represent  a  possibility  based  upon  the  good  fit  for  the  maxima 
using  the  free  atom  approximation  (final  results  will  be  based  upm  a 
comparison  of  the  selective  adsorption  spectra  and  scattering  calcula¬ 
tions).  However,  It  Is  Interesting  to  note  that  for  one  of  their  model 
potentials,  Chung  et.  al.  [12]  calculated  levels  of  4.98,  2.06,  0.76,  and 
0.23  meV  for  the  Xe/Ag  system.  Their  model  included  the  He-rare 
gas  pair  potential,  the  long  range  He-Ag  attraction,  and  three  body 
terms.  For  the  maxima,  there  are  no  arcs  that  correspond  to  a  level 
near  0.23  meV,  but  this  transition  Is  expected  to  be  weak.  When 
minima  were  plotted  In  the  IC^Ky  plane,  no  set  of  arcs  correlated  as 
well  with  the  data.  However,  with  a  highly  corrugated  system,  there 
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Is  strong  coupling  between  higher  order  Fourier  components  of  the 
potential.  This  causes  the  resonances  to  be  perturbed  from  circles 
where  levels  cross.  And,  since  the  background  level  Is  not  known,  It  is 
not  apparent  which  of  the  features  are  truly  resonances,  and  which 
are  merely  topological  (1.  e.  2  "maxima”  will  have  a  "minimum" 
between  them,  or  vice  versa).  Simple  rules,  such  as  those  of  Wolfe 
and  Weare  [13],  predict  that  most  of  the  resonances  should  be 
minima.  These  levels  roughly  agree  with  the  minima  In  the  spectra 
taken  with  the  higher  energy  beam.  Here,  the  assignment  Is  somewhat 
less  ambiguous,  as  most  of  the  sharp  features  are  minima.  The  broad 
undulation  can  be  qualitatively  ascribed  to  Bragg-llke  Interference 
due  to  the  surface  corrugation.  Maxima  will  occur  at  2dcos(©)=n  , 
where  d,  the  size  of  the  corrugation.  Is  «i.2  A  for  the  <112>  direc¬ 
tion. 

The  only  way  to  properly  analyze  this  data  Is  to  compare  the 
results  with  close-coupled  calculations,  such  as  those  of  Hutson  and 
Schwarz  for  the  Xe-graphlte  system  [14],  Such  an  analysis  not  only 
gives  the  levels  of  the  laterally  averaged  potential,  but  also  the  mag¬ 
nitude  of  the  periodic  components  of  the  potential.  This  analysis  is 
currently  underway.  We  have  selective  adsorption  data  for  all  of  the 
overlayers,  along  at  least  one  azimuthal  angle.  Hopefully,  these  quan¬ 
tum  scattering  calculations  will  allow  us  to  determine  the  He-surface 
potential  for  these  systems. 

To  study  the  dynamical  properties  of  the  rare  gas  overlayers,  we 
used  the  angle  resolved  tlme-of- flight  (TOF)  of  Inelastically  scattered 
18  meV  He.  Figure  4  shows  typical  TOF  spectra  for  1,  2,  3,  and  25 
layer  Xe.  The  arrows  Indicate  the  position  of  the  elastic  tlme-of- 


flight.  We  attribute  the  elastic  component  to  crytal  defects  and 
incoherent  scattering  from  these  "soft"  surfaces.  For  the  multilayers, 
the  narrow  well-defined  peaks  are  indicative  of  single  phonon  Interac¬ 
tions.  Data  analysis  consisted  of  fitting  the  TOF  spectra  with  a  non¬ 
linear  least-squares  routine.  From  the  peak  positions,  and  the  Incident 
and  final  angles,  phonon  momentum  and  energy  could  be  determined 
using  the  conservation  of  energy  and  crystal  momentum.  Figure  5 
shows  the  phonon  dispersion  curves  for  the  principal  modes  observed, 
1.  e.  those  corresponding  to  Inelastic  TOF  peaks  Immediately  adjacent 
to  either  side  of  the  elastic  TOF.  The  layer-by-layer  evolution  of  the 
surface  dynamics  Is  clearly  shown. 

The  monolayer  SPimode  ,  the  only  monolayer  mode  we  observed. 
Is  dlsperslonless  within  our  experimental  error.  This  Indicates  that  the 
rare  gas  atoms  are  behaving  as  Independent  Einstein  oscillators, 
vibrating  In  an  uncorrelated  manner  in  the  holding  potential  of  the 
Ag  substrate.  This  behavior  Is  consistent  with  previous  reports  deal¬ 
ing  with  rare  gas  monolayers  physlsorbed  on  graphite  [15]  and  other 
metal  surfaces  [4].  The  energies  give  the  curvature  of  this  potential 
at  Its  minimum.  These  energies  are  2.79  meV  for  Xe,  2.93  meV  for 
Kr,  and  3.67  meV  for  Ar.  Using  this  Information,  the  well  depth  [16], 
and  the  theoretical  C3  constant  [17],  an  exponentlal-3  parameteriza¬ 
tion  of  the  holding  potential  can  be  derived.  This  Is  of  the  form 
V(z)==Aexp(-/?(z-z0))-C3/(z-z0)3,  where  z0  is  the  position  of  the  refer¬ 
ence  plane.  The  parameters  are  given  In  Table  2.  The  parameters  are 
not  valid  for  small  z,  as  no  saturation  term  has  been  Included.  This 
analysis  shows  the  usefulness  of  Inelastic  He  scattering  for  determin¬ 
ing  the  physisorptlon  potentials  of  these  heavy  rare  gas  adatoms, 


which  would  be  difficult  or  Impossible  to  obtain  using  selective 
adsorption  techniques. 

Figure  0  shows  the  energies  of  all  the  Inelastic  transitions  for  the 
Kr  monolayer.  The  higher  energy  transitions  occurred  at  2  and  3 
times  the  energy  of  the  Inelastic  transitions  plotted  on  the  lowest 
curve  in  the  figure.  Since  the  mode  Is  dlsperslonless,  multiphonon 
Interactions,  as  well  as  overtones,  will  result  In  discrete  peaks,  rather 
than  a  broad  background.  Near  their  minima,  the  exponentlal-3 
potentials  are  nearly  harmonic,  so  this  does  not  allow  us  to 
differentiate  between  the  two  processes.  With  the  help  of  temperature 
dependent  data,  and  simple  scattering  calculations,  we  intend  to 
address  this  question. 

As  further  layers  are  added,  the  observed  modes  begin  to 
disperse.  At  25  layers,  a  bulk-llke  Rayleigh  wave  emerges.  The  obser¬ 
vations  for  this  mode  could  not  be  extended  below  «0.25  Q/Qmax 
because  the  peak  merged  with  the  Incoherent  elastic  peak.  The  con¬ 
vergence  of  the  energies  Is  much  faster  at  M  than  at  r  because  the 
displacements  of  the  adatoms  can  extend  several  layers  beneath  the 
surface  near  the  center  of  the  SBZ  [18].  Not  all  of  the  data  In  Figures 
5  and  0  are  for  normal  processes.  Due  to  the  high  corrugation  of 
these  systems,  Umklapp  processes  were  quite  strong.  All  possible  com¬ 
binations  of  AQ  and  AE  were  observed. 

Lattice  dynamics  and  molecular  dynamics  calculations  have  been 
carried  out  [10,20,21]  which  quantitatively  reproduce  the  observed 
vibrational  frequencies  of  the  overlayers.  These  calculations  used  real¬ 
istic  gas  phase  pair  potentials  for  the  rare  gas-rare  gas  Interaction, 
and  a  Ag  holding  potential  derived  from  the  monolayer  vibrational 


frequency,  as  previously  described.  The  agreement  between  theory 
and  experiment  is  further  evidence  that  we  are  really  growing  our 
overlayers  in  a  layer-by-layer  fashion. 

We  are  now  In  the  process  of  determining  the  Inelastic  single  pho¬ 
non  transition  probabilities  and  llnewldths.  These  were  derived  by 
comparing  the  experimental  spectra  with  a  forward  convolution  of  the 
Instrument  response  function  and  the  phonon  dispersion  curves,  giv¬ 
ing  the  Inelastic  transitions  a  finite  Lorentzlan  energy  width.  This 
allows  us  to  closely  reproduce  the  experimentally  observed  spectra,  as 
shown  In  Figure  7.  Figure  8  shows  scattering  probabilities,  for  the  Kr 
monolayer,  of  the  lowest  energy  transitions  corresponding  to  phonon 
creation  In  the  first  SBZ,  with  AQ<0  (with  respect  to  the  beam). 
The  results  shown  are  all  for  0i=45°.  This  allows  the  probabilities 
taken  across  the  SBZ  to  be  directly  compared  to  each  other,  without 
having  to  make  corrections  associated  with  selective  adsorption  reso¬ 
nances.  The  results  as  shown  have  not  been  corrected  by  the  Debye- 
Waller  factor,  but  since  the  energies  of  the  transitions  are  not  a  func¬ 
tion  of  Q,  and  the  final  scattering  angles  were  near  45°,  the  overall 
profile,  will  not  qualitatively  change.  The  small  change  in  transition 
probability  as  a  function  of  Q  seen  In  Figure  8  differs  from  the  large 
exponential  fall-off  found  on  metals  [22],  and  Is  partly  due  to  the 
larger  "cut-off  factor",  Qc  [23],  for  this  system  [24].  Note  also  that  the 
probabilities  peak  near  the  position  In  reciprocal  space  where  the 
energy  of  the  adsorbate’s  Einstein  mode  Is  coincident  with  that  of  the 
Rayleigh  mode  of  the  Ag  substrate,  which  Is  saglttally  polarized.  We 
attribute  this  to  a  resonance  between  the  adatom  vibrations  and  the 
substrate  mode  [25]. 
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Llnewldths  are  particularly  Interesting,  as  they  are  related  to 
phonon  lifetimes,  and  give  Information  about  the  decay  pathways  for 
the  surface  vibrations.  Xe  monolayer  llnewldths  are  shown  In  Figure  9 
for  the  lowest  energy  transitions  corresponding  to  phonon  creation. 
It  Is  apparent  that  the  llnewldths  do  vary  with  position  in  the  SBZ. 
Near  f,  where  the  frequency  of  the  Xe  Einstein  mode  overlaps  those 
of  the  Ag  substrate’s  surface  vibrational  modes,  the  llnewldths  are 
about  l  meV.  Near  M,  where  the  substrate’s  surface  modes  have  a 
much  higher  energy  than  the  Xe  Einstein  mode,  the  llnewldths  are 
<0.25  meV.  The  same  trend  holds  for  Ar  and  Kr.  This  type  of 
broadening  Is  due  to  radiative  damping  by  coupling  with  the 
substrate’s  surface  modes,  and  has  been  predicted  by  Hall  et.  ai.  [26]. 
These  results  demonstrate  that  He  scattering  can  be  used  to  Investi¬ 
gate  how  energy  Is  transferred  from  the  monolayer  Into  the  substrate. 

The  important  point  we  wish  to  emphasize  Is  that  Inelastic  tran¬ 
sition  probabilities  and  llneshapes  are  beginning  to  reveal  how  the 
dynamical  properties  of  ordered  overlayers  are  Influenced  and 
modified  by  the  dynamical  properties  of- the  underlying  substrate. 
When  these  measurements  are  performed  across  the  entire  SBZ,  l.  e. 
using  Q  as  a  variable  In  the  experiments,  a  wide  variety  of  Interac¬ 
tions  and  energy  flow  pathways  can  be  selectively  Investigated. 

CONCLUSION 

We  have  reviewed  the  current  state  of  our  studies  Involving 
ordered  rare  gases  physlsorbed  on  a  Ag(lll)  substrate.  Three  types 
of  measurements  aimed  at  examining  He-surface,  adatom-adatom, 
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and  adatom-substrate  Interactions  were  discussed.  Including  elastic 
diffraction,  selective  adsorption,  and  Inelastic  single  phonon  scatter¬ 
ing.  These  experiments  examined  In  particular  how  the  surface  pro¬ 
perties  of  fhese  systems  evolved  on  a  layer-by-layer  basis,  from  mono- 
layer  to  thick  film.  Surface  phonon  dispersion  relations  for  ordered 
monolayer,  bilayer,  trilayer,  and  25  layer  films  of  Ar,  K r,  and  Xe  phy- 
slsorbed  on  Ag(lll)  were  presented  across  the  entire  SBZ  In  the  F-M 
direction.  Furthermore,  examination  of  single  phonon  scattering  tran¬ 
sition  probabilities  and  Uneshapes  has  revealed  how  the  dynamical 
properties  of  ordered  overlayers  are  Influenced  by  the  dynamical  pro¬ 
perties  of  the  underlying  substrate.  A  detailed  analysis  of  our  experi¬ 
mental  results.  Including  quantum  scattering  calculations.  Is  currently 
In  progress  and  will  be  reported  elsewhere. 
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TABLE  CAPTIONS 

Table  1  Experimental  values  of  the  lattice  constants.  In  A  for 
Ar,  Kr,  and  Xe  physlsorbed  on  Ag(lll). 

Table  2  Parameters  for  the  exponentlal-3  rare  gas-Ag  holding 
potentials  (see  text). 
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TABLE  1 


Adsorbate 

Monolayer 

Bilayer 

Trilayer 

Bulk 

Ar 

3.80 

3.77 

3.77 

3.77 

Kr 

4.02 

4.00 

4.00 

4.00 

Xe 

4.38 

4.33 

4.33 

4.33 

Adsorbace 

A  (meV) 

KESI 

D  (meV)  [18] 

C3  (meV-A3)  [17] 

At 

18806 

2.446 

66 

1623 

Kr 

21586 

2.407 

108 

2263 

Xe 

31724 

2.443 

172 

3277 
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FIGURE  CAPTIONS 

Figure  1  Diffraction  spectra  for  Xe  overlayers  physlsorbed  on 
Ag(lll),  taken  In  the  <112>  direction;  with  ©p=45°,  Tg=  25  K, 
and  an  18  meV  He  beam.  The  spectrum  labelled  "bulk”  Is  for  25 
layers.  Conditions  for  all  of  the  spectra  are  similar,  so  Intensities  are 
comparable. 

Figure  2  Scans  of  the  specular  Intensity  for  a  Xe  monolayer  as  a 
function  of  polar  angle,  with  a  He  beam  energy  of  66  meV  (a)  and  18 
meV  (b).  Both  selective  adsorption  spectra  were  taken  In  the  <112> 
direction  with  Ts=25  K. 

Figure  3  Kx-Ky  plot  of  the  specular  Intensity  maxima  which  occurred 
In  the  selective  adsorption  experiments  for  the  Xe  monolayer,  using 
an  18  meV  He  beam.  The  specular  Intensity  was  monitored  at  0.2° 
Increments  of  polar  angle  for  a  fixed  crystal  azimuth,  from  approxi¬ 
mately  25°  to  75°.  This  was  repeated  for  every  2°  of  azimuth  from 
the  <112>  to  the  <011>  directions.  Arcs  are  drawn  for  three 
energy  levels,  assuming  the  free  atom  approximation,  and  are  labelled 
with  the  coupling  G-vector  (see  text). 

Figure  4  TOF  spectra  of  Xe  overlayers  physlsorbed  on  Ag(lll);  Ej= 
18  meV,  ©^45°,  and  Ts=25  IC.  Crosses  are  the  experimental  data, 
and  the  solid  lines  are  a  least-squares  fit. 
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Figure  5  Reduced  and  folded  zone  plots  of  the  dispersion  curves  of 
the  Ar  (a),  Kr  (b)f  and  Xe  (c)  overlayers  from  T-M.  Open  figures  are 
for  energy  loss  of  the  beam,  closed  figures  are  for  energy  gain. 
Representative  error  bars  are  shown  for  energy  and  momentum  loss 
features  (gain  and  loss  are  with  respect  to  the  Incident  beam),  which 
occurred  In  the  first  zone  (normal  processes).  Solid  lines  are  polyno¬ 
mial  fits  to  the  data.  The  overlayer  curves  labelled  bulk  are  for  the 
most  part  25  layers.  However,  for  Xe,  some  of  the  points  are  %ioo 
layers,  and  for  Ar,  many  of  the  points  are  for  «40  layers. 

Figure  6  Dispersion  curves  for  Kr  monolayer,  showing  the  three 
observed  frequencies.  Open  and  closed  symbols  are  the  same  as  for 
figure  5. 

Figure  7  Tlme-of-fllght  spectra  for  18  meV  He  scattering  from  a  Xe 
monolayer;  ©i=45°,  ©^=47.9°,  and  Ts=25  K.  The  arrow  Indicates 
the  position  of  the  elastic  channel.  Crosses  are  the  experimental  data, 
and  the  solid  line  Is  a  forward  convolution  of  the  Instrument  function 
with  the  phonon  dispersion  curve,  where  the  transitions  are  given  a 
Lorentzlan  energy  width. 

Figure  8  Inelastic  transition  probabilities  of  18  meV  He  scattering 
from  a  25  K  Kr  monolayer,  ©i=45°.  Data  are  for  momentum  loss 
(with  respect  to  the  beam),  In  the  first  SBZ,  of  the  lowest  energy 
transition  corresponding  to  phonon  creation.  This  is  the  largest 
feature  In  Figure  7. 


Figure  9  The  widths  of  the  Inelastic  transitions  for  18  meV  He 
scattering  from  a  25  K  Xe  monolayer,  6^=45°.  Data  are  for  the 
lowest  energy  transition  corresponding  to  phonon  creation. 


0  70  60  SO  40  30  2 

&\  <OECR£ES) 


\ 

_  _ l _ _ I _ I _ L 


70  60  50  40  30  20 

0;  (DEGREES) 

_  FTGURE  2 


He-Xe/Agail)  E.  -18  maV 


TOP  FROM  CRYSTAL  (jjsec) 


MONOLAYER/ Ag  C 1 1 1) 


i  - - 1 - r 


r 


i  _  i  i 

25  0. 5  0. 75 

Q/Qmax 


FIGURE  6 


175  205  235  265 

M  CRYSTAL  (psec) 


Kri  MONOLAYER/Ag  Cl  11) 

| 


Qa/PI 

FIGURE  8 


m 


I 


CM  O 

i 

|  <A*ul)  H10IM  N0riVlI3X3  NQNOHd 

» 

l4 

I 

l* 

V 

.» 

I  FIGURE  9 


